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57 ABSTRACT

An air conditioning system having an evaporator 8 at a
location upstream from a compressor. When a compressor 1S
stopped, a refrigerant 1nlet 1s closed by an electromagnetic
valve 28 and a refrigerant outlet 1s closed by a check valve
29. A pressure 1n the closed passageway 1s detected by a
pressure sensor 22. A leakage of refrigerant at the evaporator
1s reliably detected, which allows the leakage of the refrig-
erant to be quickly noticed.

6 Claims, 4 Drawing Sheets
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1
AIR CONDITIONING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an air conditioning sys-
tem provided with a device for detecting leakage of refrig-
erant from a heat exchanger, such as an evaporator, arranged
in a chamber to be subjected to an air conditioning. The
present 1mnvention 1s particularly suitable for an air condi-
floning system wherein, as a refrigerant, a combustible fluid,
such as propane or butane, or a toxic fluid such as a carbon
dioxide or ammonia, 1s employed.

2. Description of Related Art

An air conditioning system which 1s provided with means
for preventing a refrigerant from leaking 1s shown, for
example, 1 the Japanese Unexamined Utility Model Pub-
lication No. 54-62137/. In this prior art, detection of the
leakage of the refrigerant 1s done based on a pressure change
at the high pressure side of the refrigerating system con-
structing the air conditioning system.

In such an air condifioning system utilizing, as the
refrigerant, a combustible fluid or carbon dioxide, 1t is
necessary that any leakage of the refrigerant from heat
exchanging parts 1n the cabin, such as an evaporator, 1s
detected very quickly. A quick detection of leakage of
refrigerant from parts in the cabin cannot, however, be
executed 1n the prior art since detection of the leakage of the
refrigerant, by the pressure change at the high pressure part
(condenser) makes it difficult to identify a particular part at
which the leakage of the refrigerant 1s actually occurring.

Japanese Unexamined Utility Model Publication No.
58-54904 discloses a gas sensor, for detecting leakage of a
gas, which 1s arranged in a cabin or an air conditioning
apparatus. However, this prior art 1s, also, disadvantageous
in that a quick detection of the leakage of the refrigerant is
not possible due to the following reason. Namely, although
not described 1n a detailed manner in the 904 publication, the
gas sensor 15 generally of a contact combustion type, where
an existence of a gas 1s detected 1 accordance with the
degree of an oxidation of the gas to be detected. In this
contact combustion type gas sensor, it 1S necessary to
increase the temperature of the sensor part to a temperature
which 1s suitable for an oxidation of the gas and which 1s in
a range between 250 to 300° C. in case of a combustible
fluid. Thus, any detection of the existence of the gas, 1.€., an
occurrence of the leakage of the gas can not be done until the
ogas temperature 1s 1ncreased to a temperature 1n the above
range.

Furthermore, the location of the gas sensor must be
suitably determined while considering various situations
such as a difference 1n the density between the refrigerant
and the air and the flow of the air. Namely, a non suitable
location of the gas sensor may cause, rrespective of a fact
that a leakage of the gas has actually occurred, the sensor to
not detect the occurrence of the leakage of the gas in good
fime.

SUMMARY OF THE INVENTION

An object of the present mnvention 1s to provide an air
conditioning system capable of overcoming the above men-
tioned difficulties 1n the prior art.

Another object of the present invention 1s to provide an air
conditioning system capable of quickly detecting the occur-
rence of a gas leakage from an appliance which 1s 1n contact
with the air discharged mnto a cabin.
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The present invention features 1n a first valve means for
closing a refrigerant passageway at a location upstream from
the inlet of the refrigerant to the heat exchanger during a
stoppage ol the compressor, a second valve means for
closing the refrigerant passageway at a location downstream
from the outlet of the heat exchanger during a stoppage of
the compressor, and a pressure detecting means for detecting
the pressure of the refrigerant and arranged 1n the refrigerant
passageway at a location between said first and second valve
means.

In this structure, during the stopped condition of the
compressor, refrigerant, 1n the parts of the refrigerant system
in the chamber to be air conditioned including the heat
exchanger, 1s under a sealingly closed condition and the
pressure sensor detects the pressure of the sealingly closed
refrigerant. As a result, a change i1n the pressure of the
scalingly closed refrigerant 1s detected, so that any leakage
of the refrigerant from the parts of the refrigerating system
in the chamber to be air conditioned 1s positively and quickly
detected.

Preferably, the compressor is brought mto a stopped
condition when the pressure sensed by the pressure detecting
means 1s smaller than a predetermined value. Furthermore,
preferably, said pressure detecting means comprise a pres-
sure switch having contacts which are selectively operated
by mechanically detecting the pressure of the refrigerant. As
a result of this structure, unlike the electrical sensor, no
supply of an electric power 1s necessary to detect the
pressure. Thus, a positive detection of the leakage of the
refrigerant 1s possible without being interrupted. As a result,
a reliable pressure sensing operation can be expected.

DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 1s a schematic view of the air conditioning system
for a vehicle according to an embodiment of the present
invention.

FIG. 2 1s a schematic view 1illustrating a refrigerating
system used 1n the air conditioning system 1n FIG. 1.

FIG. 3 1s a flow chart illustrating an operation of the
system 1n FIG. 1.

FIG. 4 1s similar to FIG. 1 but shows a modification
according to present invention.

DESCRIPTION OF A PREFERRED
EMBODIMENT

Now, an embodiment of the present invention will be
explained with reference to the attached drawings.

In FIG. 1, showing a schematic entire view of an air
conditioning system for a vehicle according to the present
invention, reference numeral 1 denotes a casing which has
a passageway la for a flow of air for an air conditioning. The
casing 1 1s, at its upstream end, formed with an inside air
inlet 2 for an introduction of an air from the cabin and an
outside air 1nlet 3 for an introduction of an air flow from the
outside atmosphere. A switching door 5§ 1s arranged inside
the casing 1 so that the door 5 can moved between a first
position where the inside air inlet 2 1s opened while the
outside air mlet 3 1s closed and a second position where the
inside air inlet 2 1s closed while the outside air inlet 3 1s
opened. The switching door 5 1s connected to a drive means
6, such as a servo-motor for obtaining a movement of the
switching door between the first and the second positions.

Areference numeral 7 1s a blower, which 1s constructed by
a sirocco fan 7a located in the air passageway la at a
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location downstream from the switching door 5 and an
clectric motor 7b as a driving means drivingly connected to
the fan 7a so that the fan 7a 1s rotated. The rotating speed of
the fan 7a 1s controlled 1n accordance with the voltage
applied to the blower motor 7b.

An evaporator 8 as a heat exchanger, which 1s connected
to a refrigerating system as fully described later, 1s arranged
in the air passageway la at a location downstream from the
fan 7a, so that a heat exchange can occur between a

refrigerant passing through the evaporator 8 and the air in
the passageway la contacting with the heat exchanger 8. A
draimn pipe 32 1s, at 1ts one end, connected to the casing 1 so
that the pipe 32 1s opened to the air passageway la at a
location downstream from the evaporator 8. The other end of
the dramn pipe 32 i1s opened to the atmosphere outside the
cabin. A heater core 9 1s arranged 1n the air passageway la
at a location downstream from the drain pipe 32 for heating
the air flowing 1n the air passageway la. In a well known
manner, the heater core 9 1s connected to a system {for
recirculating a cooling water from an internal combustion
engine as a heating source. A by-pass passageway 10
by-passing the heater core 9 1s formed on one side of the
heater core 9.

An air mix door 11 1s arranged, 1n the air passageway 1a,
at a location upstream from the heater core 9. The air mix
door 11 can move between a first position where the heater
core 9 1s opened, while the by-pass passageway 10 1s closed
and a second position where the by-pass passageway 10 1s
closed, while the heater core 9 1s opened. Furthermore, the
air mix door 11 1s able to take a desired position intermediate
between the first and the second positions, so that a ratio can
be varied between the full amount of the air flow passing,
through the heater core 9 and the full amount of air flow
passing through the by-pass passageway 10. In order to
adjust the degree of the opening of the air mix door 11, 1.€.,
the value of the air flow ratio, the air mix door 11 1s drivingly
connected to a drive means 12, such as a servo-motor.

The casing 1 1s, at 1ts downstream end, formed with an
upper level outlet 13 (face outlet) for discharging an air flow
directed to an upper part of a passenger 1n the cabin, a lower
level outlet 14 (foot outlet) for discharging an air flow
directed to a lower part of a passenger 1n the cabin and a
defroster outlet 15 for discharging an air flow directed to the
mner surface of a wind shield 1n the cabin. Doors 16, 17 and
18 are arranged so that the outlets 13, 14 and 15 are
independently opened or closed. Drive means 19, 20 and 21
are drivingly connected to the doors 16, 17 and 18, respec-
tively. The doors 16, 17 and 18 function as air passageway
opening and closing means for a selective connection of the
alr passageway la with the upper, lower and defroster
outlets 13, 14 and 15, respectively.

The evaporator 8 1s arranged on a refrigerating passage-
way in which an electromagnetic valve (first valve means)
28 and a check valve (second valve means) 29 are arranged,
the constructions of which will be explained 1n more detail
later. A sensor (a pressure detecting means) 22 is arranged in
a refrigerating passageway, at a location between the elec-
tromagnetic valve and the evaporator 8, to detect a pressure
of the refrigerant passing through the evaporator 8. The
pressure sensor 22 functions, 1 cooperation with a control
unit 23, to continuously monitor the pressure of the refrig-
crant 1n such a manner that, when the pressure of the
refrigerant 1s lowered below a predetermined value, a deter-
mination of a leakage of the refrigerant 1s done, which
allows a warning device 24 such as a buzzer or a caution
lamp to be brought into an operation, thereby notifying the
leakage of the refrigerant to a driver. The warning device 24
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1s arranged on a location 1n the cabin such as an instrument
panel, which makes 1t easy for a driver to monitor the
warning device 24.

Now, a construction of the refrigerating system will be
explamed with reference to FIG. 2. The refrigerating system
in FIG. 2 1s a vapor compression type using, as a reirigerant,
a combustible mixture such as a propane gas and includes a
compressor 25 which 1s 1n a driving connection with a
crankshaft (not shown) of an internal combustion via a
clutch (not shown). As a result, an engagement of the clutch
causes the rotating movement of the crankshait to be trans-
mitted to the compressor 25, resulting 1n a compression of
the refrigerant. A condenser 26 1s arranged downstream from
the compressor 25. The condenser 26 1s arranged 1n a front
part of an engine compartment of the vehicle. In the case
where carbon dioxide 1s used as a refrigerant, the refrigerant
1s not condensable. In this case, a heat emitter 1s used 1n
place of the condenser.

A high pressure switch 31 is arranged in the refrigerant
recirculating passageway for detecting the pressure of the
refrigerant at a location downstream from the condenser 26.
The switch 31 1s for preventing the condensed pressure from
being abnormally increased, which may otherwise cause the
condenser 26 to be damaged. Namely, the switch 31 detects
a condition where the pressure inside the condenser 26 1s
abnormally 1ncreased and de-energizes the electromagnetic
clutch which i1s arranged between the crankshaft of the
internal combustion engine (not shown) and the compressor
25, which causes the compressor 25 to be stopped, thereby
preventing the pressure from being abnormally increased in
the condenser 26. Finally, the high pressure switch 31 1s of
well known type which mechanically detects the pressure of
the refrigerant and opens or closes contacts.

In FIG. 2, an expansion valve 27 1s arranged in the
refrigerating passageway at a location downstream from the
condenser 26. In a well known manner, the expansion valve
27 functions as a pressure reducing means for reducing the
pressure ol the refrigerant from the condenser 26. The
refrigerant at a reduced pressure at the expansion valve 27
1s subjected to an evaporation 1n the evaporator 8 located in
the air passageway 1la in FIG. 1. Due to the latent heat of the
evaporation, the air flow 1n the air passageway la contacting
the evaporator 8 1s subjected to cooling.

In FIG. 2, an electromagnetic valve 28 1s arranged 1n the
refrigerant recirculating passageway at a location down-
stream from the expansion valve 27 and upstream of the inlet
8a of the evaporator 8, while the valve 28 1s located outside
the cabin. A check valve 29 i1s arranged on the refrigerant
recirculating passageway at a location downstream from the
outlet 86 of the evaporator 8, so that a reverse flow of the
refrigerant to the evaporator 8 1s prevented. The electro-
magnetic valve 28 1s of a type which 1s normally closed.
Thus, during the stoppage of the air conditioning system,
1.€., the compressor 26 1s stopped due to the OFF condition
of the electromagnetic clutch, the control circuit 23 deen-
ergizes the electromagnetic valve 28. Furthermore, the
check valve 29 includes a spring (not shown) which urges
the valve member to take a closed condition. Thus, during
the stoppage of the air conditioning system, the check valve
29 1s 1n 1ts closed position due to the spring force.

In a well known manner, the control circuit 23 1s con-
structed by a microcomputer including various units such as
a central processing unit (CPU), a read only memory (ROM)
and a random access memory (RAM). Furthermore, as
shown in FIG. 1, a pressure sensor 22, a start switch 30 for
the air conditioning system and an ignition switch 33 are
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connected to the microcomputer, so that the signals from the
sensor are 1nput to the microcomputer. Based on signals
from the sensors, the control circuit 23 executes a routine for
operating the drive means 6, 12, 19 and 20, the blower motor
7b, the warning means 24 and the electro-magnetic valve 28.
Finally, the air conditioning system start switch 30 1s not
made ON, as long as the switch (not shown) for the blower
7 1s not 1n a condition for generating an air flow.

Now, an operation of the control device 23 will be
explained with reference to the flow chart in FIG. 3.

At a step 100, 1t 1s determined if the 1gnition key switch
33 1s made ON by a passenger 1n the vehicle. If the 1gnition
switch 1s on at step 100, the routine goes to step 110, where
it 1s determined 1f the pressure P1 of the refrigerant sensed
by the pressure sensor 22 at the inlet of the evaporator 8 1s
smaller than a predetermined value PO. If it 1s determined
that the detected pressure P1 i1s smaller than the predeter-
mined value PO, this indicates that a leakage of the refrig-
erant has occurred 1n the evaporator 8. In this case, the
routine goes to step 120, where a warning by the warning
means 24 1s 1ssued, 1.e., a warning lamp 1s lit. Then, the
routine goes to a step 130, where a disengaged condition of
the electromagnetic clutch (not shown) 1s maintained, which
causes the compressor 26 to be stopped.

I 1t 1s determined that the detected pressure P1 1s equal to
or larger than the predetermined value PO, this indicates that
no leakage of the refrigerant has occurred at the evaporator
8. In this case, the routine goes to step 140, where 1t 1s
determined if the air conditioning switch 1s made ON. If 1t
1s determined that the air conditioning switch 1s made ON,
the routine flows to step 150, where the electoro-magnetic
valve 28 1s opened and the electromagnetic clutch on the
crankshaft of the internal combustion engine (not shown) is
engaged, which causes the air conditioning system to be
brought 1into an operation. Then, the routine goes to step 160,
where 1t 1s determined 1f the pressure P2 detected by the
pressure sensor 22 1s smaller that a predetermined value PO.
If 1t 1s determined that the detected pressure P2 1s smaller
than the predetermined value PO, this indicates that a leakage
of the refrigerant has occurred in the evaporator 8. In this
case, the routine goes to step 170, where a warning by the
warning means 24 1s 1ssued. Then, the routine flows 1nto a
step 180, where the electromagnetic clutch 1s disengaged,
which causes the compressor 26 to be stopped.

In the above operation, if 1t 1s determined that the pressure
P2 1s smaller than PO at the step 160, it 1s determined that a
leakage of the refrigerant has occurred at a location of the
refrigerating system other than the evaporator 8, since 1t was
determined that the pressure P1 is equal to or larger than PO
at the preceding step 110, 1.e., 1t was determined that no
leakage of the refrigerant has occurred in the evaporator 8.

The advantageous ecflfects of this embodiment are as
follows. First, 1n the operation according to present
invention, due to the closure of the electromagnetic valve 28
and the check valve 29, the refrigerant in the parts of the
refrigerating system 1n the cabin including the evaporator 8
1s brought to a confined state. Furthermore, a determination
that a leakage of the refrigerant has occurred 1s done by
determining the pressure of the refrigerant under the con-
fined state. As a result, a positive and quick determination of

a leakage of the refrigerant in the parts located in the cabin
1s realized.

Furthermore, during a stoppage of the air conditioning,
system for the vehicle, the compressor 25 1s maintained 1n
the stopped state. Thus, the air conditioning system 1is
prevented from being erroneously operated when the refrig-
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6

erant 1s leaking. Thus, an increase 1 the leaked amount of
the refrigerant 1s prevented.

In a different embodiment, instead of arranging the elec-
tromagnetic valve 28 at a location downstream from the
expansion valve 27, the electromagnetic valve 28 can be
arranged at a location upstream from the expansion valve 27.
In this case, the pressure sensor 22 may also be arranged at
a location upstream from the expansion valve 27. As a result
of this arrangement, the pressure sensor 22 detects the
condensing pressure during the operation of the air condi-
tioning system for the vehicle. The pressure sensor 22
detects the pressure in the evaporator 8 during the stoppage
of the air conditioning system. Thus, this embodiment is
advantageous 1n that the high pressure side switch 31 can be
climinated.

In place of the check valve 29, a electromagnetic valve,
which 1s operated 1n cooperation with the electromagnetic
valve 28, can be used.

Furthermore, 1n place of the pressure sensor 22, a pressure
switch of the same type as that of the high pressure side
switch 31 can be used. In this modification, unlike the
pressure sensor 22, the switch does not need to be fed with
an electric power, which 1s advantageous in that a detection
of the leakage of the refrigerant can be positively done
without being interrupted, which makes the pressure detec-
tion to be more reliable. It 1s desirable that such a pressure
switch arranged at a location upstream from the expansion
1s constructed as a dual type pressure switch, which 1s per se
known.

In the above embodiments, the predetermined value P,
may be determined by considering a pressure change due to
a change 1n the temperature of the refrigerant. As an
alternative, a temperature sensor for detecting the tempera-
ture of the refrigerant at a location where a detection of the
pressure of the refrigerant by the pressure sensor 1s executed
and the detected temperature 1s used for correcting the
predetermined value P, of the refrigerant.

Furthermore, the stoppage of the compressor 25 causes
the refrigerant to be almost blocked at the compressor 25. As
a result, a provision of the check valve 29 (the second valve
means) can be eliminated.

Furthermore, an application of the present invention 1s not
necessarily limited to an application in an air conditioning
system for a vehicle. Namely, the present invention 1is
applicable to an air conditioning system for use 1n a build-
ng.

Furthermore, 1n the 1llustrated embodiment, the evapora-
tor 8 1s arranged 1n a cabin. However, the present mvention

can be applicable to a construction where an evaporator 8 1s
arranged outside the cabin.

Furthermore, 1n the 1llustrated embodiment, as for a heat
exchanger 1n which a refrigerant 1s passed, only the evapo-
rator 8 1s arranged 1n the casing 1 of the air conditioner.
However, 1n an air conditioning system where, in place of a
heater core 9, a condenser 1s used, the 1dea of the present
invention 1s applicable to such a condenser.

Finally, as for a refrigerant, ammonia can be used.

We claim:

1. An air conditioning system, using as a relrigerant a
liquid which may harm a human body, said system com-

prising:
a casing forming an air passageway for flow of air to a
chamber to be subjected to air conditioning;

a refrigerant system comprising a compressor for com-
pressing the refrigerant, a condenser for condensing the
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refrigerant from the compressor, a pressure reducing
means for reducing the pressure of the refrigerant from
the condenser, an evaporator located 1n said casing for
evaporating the refrigerant from the pressure reducing
means, and a refrigerant passageway for connecting
these elements 1n line, respectively;

first valve means which closes the refrigerant passageway
at a location upstream from the inlet of the refrigerant
to the evaporator during a stoppage of the compressor;

second valve means which closes the refrigerant passage-
way at a location downstream from the outlet of the
evaporator during a stoppage of the compressor, said
first and second valve means 1solating refrigerant in
said evaporator from refrigerant in said compressor and
sald condenser;

pressure detecting means for detecting the pressure of the
refrigerant, arranged 1n the refrigerant passageway at a
location between said first and second valve means; and

determining means for determining that a leakage of the
refrigerant has occurred at a location of the refrigerant
passageway between said first valve means and said
second valve means when the detected pressure valve
of the detecting means 1s smaller than a predetermined
valve.

2. An air conditioning system, according to claim 1,
wherein the compressor 1s brought 1nto a stopped condition
when the pressure sensed by the pressure detecting means 1s
smaller than a predetermined value.

3. An air conditioning system, according to claim 1,
wherein said pressure detecting means comprise a pressure
switch having contacts which are selectively operated by
mechanically detecting the pressure of the refrigerant.

4. An air conditioning system, according to claim 1,
wherein said first valve mwans 1s arranged at a location
downstream from said pressure reducing means and said
second valve means 1s arranged at a location upstream from
sald compressor.

5. An air conditioning system, according to claim 1,
wherein said determining means determines occurrence of a
leakage of the refrigerant at a portion of the passageway
between said first valve means and said second valve means,
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when the detected pressure value before said compressor
starts driving 1s smaller than the predetermined value, and
occurrence of a leakage of the refrigerant at a remaining
portion of the passageway except for the portion of the
passageway between said first valve means and said second
valve means, when the detected pressure value after said
compressor drives 1s smaller than the predetermined value.

6. An air conditioning system, using as a refrigerant a
liquid which may harm a human body, said system com-
prising:

a casing forming an air passageway for flow of air to a

chamber to be subjected to air conditioning;

a refrigerant system comprising a compressor for com-
pressing the refrigerant, a condensor for condensing the
refrigerant from the compressor, a pressure reducing
means for reducing the pressure of the refrigerant from
the condenser, an evaporator located 1n said casing for
evaporating the refrigerant from the pressure reducing
means, and a refrigerant passageway for connecting
these elements 1n line, respectively;

first valve means which closes the refrigerant passageway
at a location between said condenser and said evapo-
rator during a stoppage of the compressor;

second valve means which closes the refrigerant passage-
way at a location between said compressor and said
evaporator during a stoppage of the compressor, said
first and second valve means isolating refrigerant in
said evaporator from refrigerant in said compressor and
sald condenser;

pressure detecting means for detecting the pressure of the
refrigerant, arranged 1n the refrigerant passageway at a
location between said first and second valve means; and

determining means for determining that a leakage of the
refrigerant has occurred at a location of the refrigerant
passageway between said first valve means and said
second valve means when the detected pressure valve
of the detecting means 1s smaller than a predetermined
valve.
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